Transistor with Silicon and Carbon Layer in the Channel Region 

TECHNICAL FIELD 

[0001] The present invention relates generally to semiconductor devices, and more 
particularly to a method of fabricating a transistor and a structure thereof. 

BACKGROUND 

[0002] Semiconductor devices are used in a variety of electronic applications, such as 
personal computers, cell phones, digital cameras, and other electronic equipment, as examples. 
A transistor is an element that is utilized extensively in semiconductor devices. There may be 
millions of transistors on a single integrated circuit (IC), for example. A common type of 
transistor used in semiconductor device fabrication is a metal oxide semiconductor field effect 
transistor (MOSFET). 

[0003] The gate dielectric for MOSFET devices has in the past typically comprised silicon 
dioxide. However, as devices are scaled down in size, silicon dioxide becomes a problem 
because of gate leakage current, which can degrade device performance. Therefore, there is a 
trend in the industry towards the development of the use of high dielectric constant (k) materials 
for the use of the gate dielectric in MOSFET devices. 

[0004] High k gate dielectrics development has been identified as one of the grand 
challenges in the 2003 edition of International Technology Roadmap for Semiconductor (ITRS), 
which identifies the technological challenges and needs facing the semiconductor industry over 
the next 15 years. For low power logic (for portable electronic applications, for example), the 
main issue is low leakage current, which is absolutely necessary in order to extend battery life. 
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Device performance is then maximized according to the low leakage current requirements. Gate 
leakage current must be controlled in low power applications, as well as sub-threshold leakage, 
junction leakage, and band-to-band tunneling. 

[0005] To fully realize the benefits of transistor scaling, the gate oxide thickness needs to be 
scaled down to less than 2 nm. However, the resulting gate leakage currents make the use of 
such thin oxides impractical in many device applications where low standby power consumption 
is required. For this reason, gate oxide dielectric material will eventually be replaced by an 
alternative dielectric material that has a higher dielectric constant. However, the device 
performance of using high k dielectric materials suffers from trapped charge in the dielectric 
layer which deteriorates the mobility, making the drive current lower than in transistors having 
silicon dioxide gate oxides, and hence reducing the speed and performance of transistors having 
high k gate dielectric materials. 

[0006] Therefore, what is needed in the art is a transistor design and fabrication method 
having a high k gate dielectric material with increased speed and improved performance. 
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SUMMARY OF THE INVENTION 

[0007] These and other problems are generally solved or circumvented, and technical 
advantages are generally achieved, by preferred embodiments of the present invention which 
comprise a MOS device having a stressed channel, which increases the speed of the MOS device 
and improves the device performance. A layer of silicon and carbon is epitaxially grown in a 
channel region of the MOS device. The layer of silicon and carbon may be disposed over an 
optional epitaxially grown stressed semiconductor layer. An optional thin semiconductor 
material may be deposited over the layer of silicon and carbon. The layer of silicon and carbon 
and optional stressed semiconductor layer create a stressed region in the channel of the MOS 
device, which is advantageous because the electron mobility and hole mobility are improved. 
The stressed semiconductor layer lowers the interface of the lattice mismatch between the 
underlying workpiece and the layer of silicon and carbon, which further improves the 
performance of the MOS device. 

[0008] In accordance with a preferred embodiment of the present invention, a method of 
fabricating a transistor includes providing a workpiece, growing a stressed semiconductor layer 
over the workpiece, growing a first layer of silicon and carbon over the stressed semiconductor 
layer, and depositing a gate dielectric material over the layer of silicon and carbon. A gate 
material is deposited over the gate dielectric material, and the gate material and gate dielectric 
material are patterned to form a gate and a gate dielectric disposed over the layer of silicon and 
carbon. A source region and a drain region are formed in the layer of silicon and carbon and 
stressed semiconductor layer, wherein the source region, drain region, gate and gate dielectric 
comprise a transistor. 
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[0009] In accordance with another preferred embodiment of the present invention, a method 
of fabricating a transistor includes providing a workpiece, growing a first layer of silicon and 
carbon over the workpiece, and depositing a gate dielectric material over the layer of silicon and 
carbon, the gate dielectric comprising a high k material. A gate material is deposited over the 
gate dielectric material, the gate material comprising a metal, and the gate material and gate 
dielectric material are patterned to form a gate and a gate dielectric disposed over the layer of 
silicon and carbon. A source region and a drain region are formed in at least the layer of silicon 
and carbon, wherein the source region, drain region, gate and gate dielectric comprise a 
transistor. 

[0010] In accordance with yet another preferred embodiment of the present invention, a 
transistor includes a workpiece, a stressed semiconductor layer disposed over the workpiece, and 
a first layer of silicon and carbon disposed over the stressed semiconductor layer. A gate 
dielectric is disposed over the layer of silicon and carbon, and a gate is disposed over the gate 
dielectric. A source region and a drain region are formed in the layer of silicon and carbon and 
stressed semiconductor layer, wherein the source region, drain region, gate and gate dielectric 
comprise a transistor. 

[0011] In accordance with another preferred embodiment of the present invention, a 
transistor includes a workpiece, a first layer of silicon and carbon disposed over the workpiece, 
and a gate dielectric disposed over the layer of silicon and carbon, the gate dielectric comprising 
a high k material. A gate is disposed over the gate dielectric, the gate comprising metal, and a 
source region and a drain region are formed in at least the layer of silicon and carbon, wherein 
the source region, drain region, gate and gate dielectric comprise a transistor. 
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[0012] Advantages of preferred embodiments of the present invention include providing a 
transistor design and manufacturing method thereof wherein the electrical performance of the 
transistor and electrical parameters are improved. The transistor has increased speed and may be 
manufactured in smaller dimensions. Epitaxially grown material layers are introduced into the 
channel region to introduce stress in the crystalline structure, improving the electron and hole 
mobility. The drive current of the transistor is also increased. 

[0013] The foregoing has outlined rather broadly the features and technical advantages of 
embodiments of the present invention in order that the detailed description of the invention that 
follows may be better understood. Additional features and advantages of embodiments of the 
invention will be described hereinafter, which form the subject of the claims of the invention. It 
should be appreciated by those skilled in the art that the conception and specific embodiments 
disclosed may be readily utilized as a basis for modifying or designing other structures or 
processes for carrying out the same purposes of the present invention. It should also be realized 
by those skilled in the art that such equivalent constructions do not depart from the spirit and 
scope of the invention as set forth in the appended claims. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0015] Figures 1 and 2 show cross-sectional views of a transistor at various stages of 
manufacturing in accordance with a preferred embodiment of the present invention, wherein a 
layer of silicon and carbon is formed over the channel region of the transistor; 

[0016] Figure 3 shows an embodiment of the present invention wherein a thin 
semiconductor material is formed over the layer of silicon and carbon in the channel region of 
the transistor; 

[0017] Figures 4 and 5 show cross-sectional views of embodiments of the present invention, 
wherein the embodiments of Figure 2 and 3, respectively, are formed on a silicon-on-insulator 
(SOI) substrate; 

[0018] Figures 6 and 7 show the embodiments of Figures 2 and 3, respectively, wherein a 
stressed semiconductor layer is formed over a workpiece before the first layer of silicon and 
carbon is formed; and 

[0019] Figure 8 shows an embodiment of the present invention that includes a stressed 
semiconductor layer formed beneath the layer of silicon and carbon and thin semiconductor 
layer, formed on a SOI substrate. 

[0020] Corresponding numerals and symbols in the different figures generally refer to 

corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the 

relevant aspects of the preferred embodiments and are not necessarily drawn to scale. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0021] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0022] The present invention will be described with respect to preferred embodiments in a 
specific context, namely a transistor formed on a semiconductor device. The invention may also 
be applied, however, to MOSFETs, or other transistor devices, and may include PMOS, NMOS, 
or CMOS devices, as examples. Only one transistor is shown in each of the figures; however, 
there may be many transistors formed on the semiconductor devices shown. 

[0023] Figures 1 and 2 show cross-sectional views of a transistor at various stages of 
manufacturing in accordance with a preferred embodiment of the present invention, wherein a 
layer of silicon and carbon is disposed in the channel region of the transistor. To fabricate a 
transistor 100 in accordance with an embodiment of the present invention, a workpiece 102 is 
provided. The workpiece 102 may include a semiconductor substrate comprising silicon or other 
semiconductor materials covered by an insulating layer, for example. The workpiece 102 may 
also include other active components or circuits formed in the front end of line (FEOL), not 
shown. The workpiece 102 may comprise silicon oxide over single-crystal silicon, for example. 
The workpiece 102 may include other conductive layers or other semiconductor elements, e.g., 
transistors, diodes, etc. Compound semiconductors, GaAs, InP, Si/Ge, or SiC, as examples, may 
be used in place of silicon. 
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[0024] Isolation regions 104 may be formed in various locations on the workpiece 102, as 
shown. The isolation regions 104 may be disposed on either side of a channel region 105 of a 
transistor device 100, for example. The isolation regions 104 may be formed by depositing a 
photoresist over the workpiece 102, not shown. The photoresist may be patterned using 
lithography techniques, and the photoresist may be used as a mask while the workpiece 102 is 
etched to form holes or patterns for the isolation regions 104 in a top surface of the workpiece 
102. An insulator such as an oxide, for example, may be deposited over the workpiece 102 to fill 
the patterns, forming isolation regions 104. Alternatively, the isolation regions 104 may be 
formed by other methods, for example. In accordance with embodiments of the present 
invention, the isolation regions 104 may be formed either before or after stressed material layer 
106 is formed in the channel region 105, to be described further herein. 

[0025] In accordance with a preferred embodiment of the present invention, a layer of 
silicon and carbon 106 is formed over the workpiece 102 top surface in the channel region 105, 
as shown. Preferably, the layer of silicon and carbon 106 is formed by epitaxially growing a 
layer of material comprising about 90 to 99.5 % silicon and about 0.5 to 10 % carbon. The layer 
of silicon and carbon preferably comprises a thickness of about a few tens of A to about 5 \im. 
Alternatively, the layer of silicon and carbon 106 may comprise other percentages of silicon and 
carbon, and may comprise other thicknesses, for example. The layer of silicon and carbon 106 
preferably contains a relatively small amount of carbon so that the layer 106 remains conductive. 
For example, the carbon may comprise interstitial bonds in the silicon crystal material. 
Preferably, the layer of silicon and carbon 106 is not formed on the isolation regions 104. 
Because an epitaxial growth method is used to form the layer of silicon and carbon 106, the layer 
of silicon and carbon 106 is preferably not formed on the insulator material of the isolation 
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regions 104, for example. However, if any material is deposited or grown over the isolation 
regions 104, a polish process or etch process may be used to remove any silicon and carbon from 
the top surface of the isolation regions 104. 

[0026] Regions of the workpiece 102 (not shown) may then be implanted, for a V T threshold 
voltage, for example. An anti-punch-through implant may then be performed on portions of the 
workpiece 102, also not shown. The workpiece 102 may then be exposed to a pre-gate cleaning 
or treatment comprising an HF chemical etch, as an example, to remove any particulates, 
contaminates, or native oxide particles disposed on the top surface of the layer of silicon and 
carbon 106 in the channel region 105, for example. 

[0027] Next, in accordance with an embodiment of the present invention, a gate dielectric 
material 108 is deposited over the layer of silicon and carbon 106 and isolation regions 104, as 
shown in Figure 1. The gate dielectric material 108 in accordance with one preferred 
embodiment of the present invention comprises a high k material. The high k material of the 
gate dielectric material 108 may comprise Hf0 2 , HfSiO x , Zr0 2 , ZrSiO x , Ta 2 0 55 or other high k 
materials, as examples. In another embodiment, however, the gate dielectric material 108 may 
comprise non-high k dielectric materials, such as Si0 2 , Si3N 4 , or other dielectric materials, as 
examples. 

[0028] A gate material 1 10 is then deposited over the gate dielectric material 108. The gate 
material 1 10 preferably comprises a material that is suitable to function as a gate electrode of a 
transistor device 100. In one preferred embodiment of the present invention, the gate material 
1 10 comprises a metal, such as TiN, HfN, TaN, a fully silicided gate material (FUSI), or other 
metals, as examples. Alternatively, in another embodiment, the gate material 1 10 may comprise 
polysilicon or other semiconductor materials. 
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[0029] The gate material 110 and the gate dielectric material 108 are patterned to form a 
gate 110 and gate dielectric 108, as shown in Figure 2. The gate material 1 10 and gate dielectric 
material 108 may be patterned using traditional lithography techniques, by depositing a 
photoresist, patterning the photoresist, and using the photoresist as a mask to pattern the gate 
material 1 10 and gate dielectric material 108, not shown, for example. Alternatively, the gate 
material 1 10 and gate dielectric material 108 may be directly etched or may be patterned using 
other methods, for example. 

[0030] A source region S and drain region D are then formed proximate the channel region 
105. More particularly, the source region S and the drain region D are preferably formed in at 
least the layer of silicon and carbon 106, as shown. Note that in this embodiment, portions of the 
source region S and drain region D are also formed in a top portion of the workpiece 102. The 
source region S and drain region D may be formed using an extension implant, which may 
comprise implanting dopants using a low energy implant at about 200 eV to 1 KeV, for example. 
A spacer material such as silicon nitride or other insulator, as examples, is deposited over the 
entire workpiece 102, and then the spacer material is etched using an etch process such as an 
anisotropic etch, leaving the spacers 1 12 as shown. Alternatively, the spacers 1 12 may be more 
rectangularly shaped and may be patterned using a photoresist as a mask, as an example, not 
shown. To complete the extension implant, a second dopant implantation process is then 
performed, preferably using a high energy implantation process. For example, the second 
implantation process may be at about 5 KeV to 20 KeV. A high temperature anneal may then be 
performed to drive in and activate the dopant. The high temperature anneal may be performed at 
about 800 0 C to about 1015° C, as examples. 
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[0031] The transistor 100 shown in Figure 2 is advantageous in that the layer of silicon and 
carbon 106 in the channel region 105 introduces stress in the channel region 105, which 
increases the drive current when the transistor 100 is in operation, and also increases the hole and 
electron mobility of the transistor device 100. This results in a transistor 100 having improved 
performance and increased speed. 

[0032] In the embodiment shown in Figures 1 and 2, the isolation regions 104 may be 
formed either before or after the epitaxial growth of the layer of silicon and carbon 106. If the 
layer of silicon and carbon 106 is grown after the isolation regions 104 are formed, the isolation 
regions 104 may be back-filled with an oxide or an insulator so that the isolation region 104 top 
surfaces are coplanar with the top surface of the layer of silicon and carbon 106, and to ensure 
that the channel region 105 is not elevated higher than the top surface of the isolation regions 
104. 

[0033] Figure 3 shows another embodiment of the present invention, wherein a thin 
semiconductor material 214 is disposed over a layer of silicon and carbon 206 in a channel 
region 205 of a transistor 200. Similar reference numbers are designated for the various 
elements as were used in Figures 1 and 2. To avoid repetition, each reference number shown in 
the diagram is not described in detail herein. Rather, similar materials x02, x04, x05, etc. . . are 
preferably used for the material layers shown as were described for Figures 1 and 2, where x=l 
in Figures 1 and 2 and x=2 in Figure 3. As an example, the preferred and alternative materials 
listed for gate dielectric material 108 in the description for Figures 1 and 2 are preferably also 
used for gate dielectric material 208 in Figure 3. 

[0034] In the transistor 200 shown, a thin semiconductor material 214 is formed over the 
layer of silicon and carbon 206, before depositing the gate dielectric material 208. The thin 
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semiconductor material 214 preferably comprises about 100 A or less of a semiconductor 
material. The thin semiconductor material 214 is preferably epitaxially grown over the layer of 
silicon and carbon 206, for example. The thin semiconductor material 214 preferably comprises 
Si in one embodiment. Alternatively, the thin semiconductor 214 may comprise Ge, SiGe, a 
bilayer of Si/SiGe, or a bilayer of Ge/SiGe. 

[0035] If the thin semiconductor material 214 comprises a bilayer of Si/SiGe, the bilayer 
may comprise a first layer of Si and a second layer of SiGe disposed over the first layer of Si. 
Alternatively, the bilayer may comprise a first layer of SiGe and a second layer of Si disposed 
over the first layer of SiGe, for example. Likewise, if the thin semiconductor material 214 
comprises a bilayer of Ge/SiGe, the bilayer may comprise a first layer of Ge and a second layer 
of SiGe disposed over the first layer of SiGe, or a first layer of SiGe and a second layer of Ge 
disposed over the first layer of SiGe. 

[0036] The transistor 200 shown in Figure 3 is advantageous in that the thin semiconductor 
material 214 is disposed between the gate dielectric 208 and the layer of silicon and carbon 206. 
This moves the interface of the layer of silicon and carbon 206 with the underlying workpiece 
202 in the channel region 205 lower into the channel region 205. This is advantageous because 
the interface of the layer of silicon and carbon 206 and workpiece 202 may comprise 
mismatched lattices. For example, the lattice distance of the crystalline structure of silicon in the 
workpiece 202 is different from the lattice distance of silicon including interstitial carbon atoms 
in the layer of silicon and carbon 206. Therefore, this can create a lattice mismatch and/or 
defects at the intersection or interface of the layer of silicon and carbon 206 and the workpiece 
202. Thus, the transistor 200 is further improved in device performance and speed by the 
additional thin semiconductor material 214 layer. 
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[0037] In the embodiment shown in Figure 3, the isolation regions 204 may be formed 
either before or after the epitaxial growth of the layer of silicon and carbon 206 and the thin 
semiconductor material 214 layer. If the layer of silicon and carbon 206 and the thin 
semiconductor material 214 layer are grown after the isolation regions 204 are formed, the 
isolation regions 204 may be back-filled with oxide or other insulator material so that the 
isolation region 204 top surfaces are coplanar with the top surface of the thin semiconductor 
material 214 layer, and to ensure that the channel region 205 is not elevated higher than the top 
surface of the isolation regions 204. 

[0038] Figures 4 and 5 show cross-sectional views of embodiments of the present invention, 
wherein the embodiments described with reference to Figures 1-2 and 3, respectively, are shown 
formed on a silicon-on-insulator (SOI) substrate or wafer 302. Again, like reference numerals 
are used as were used and described for the various elements in Figures 1 through 3, and to avoid 
repetition, each reference number shown in the diagram is not described again in detail herein. 
Rather, similar materials x02, x04, x05, etc... are preferably used for the material layers shown 
as were described for Figures 1-3, where x=l in Figures 1 and 2, x=2 in Figure 3, and x=3 in 
Figures 4 and 5. 

[0039] In the embodiments shown in Figures 4 and 5, the workpiece 302 preferably 
comprises a SOI substrate 302. The SOI substrate 302 comprises a thick silicon or other 
semiconductor material portion 316 that may comprise a thickness of about 500 )im, for 
example. A buried Si02 layer 318 is formed over the thick silicon layer region 316. The Si02 
layer 3 1 8 may comprise a thickness of about 1000 A, for example. A thin silicon layer 320 is 
formed over the buried Si02 layer 318. The thin silicon layer 320 may comprise a thickness of 
about 500 A or less, for example. SOI substrates 302 are advantageous in that leakage current 
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from the source to the substrate is prevented and parasitic capacitance of the transistor 300 is 
reduced, further increasing the speed of the transistor 300 and reducing the power consumption. 

[0040] In Figure 4, a transistor 300 includes a layer of silicon and carbon 306 grown over 
the top thin silicon layer 320 of the SOI substrate 302 in the channel region 305. In Figure 5, a 
transistor 300 further includes a thin semiconductor layer 314 grown over the layer of silicon and 
carbon 306 in the channel region 305. Again, in these embodiments, the isolation regions 304 
may be formed either before or after the epitaxial growth of the layer of silicon and carbon 306 
or the thin semiconductor material 314 layer. If the layer of silicon and carbon 306 and/or the 
thin semiconductor material 314 layer are grown after the isolation regions 304 are formed, the 
isolation regions 304 may be back-filled with oxide or other insulator material so that the 
isolation region 304 top surfaces are coplanar with the top surface of the thin semiconductor 
material 314 layer or layer of silicon and carbon 306, and to ensure that the channel region 305 is 
not elevated higher than the top surface of the isolation regions 304. 

[0041] Figures 6 and 7 show the embodiments of Figures 2 and 3, respectively, wherein a 
stressed semiconductor layer 422 is epitaxially grown over a workpiece 402 before the layer of 
silicon and carbon 406 is formed. Again, like reference numerals are used as were used in the 
previously described figures. In these embodiments, a stressed semiconductor layer 422 is 
epitaxially grown over the workpiece 402 before growing the layer of silicon and carbon 406. 
The source regions S and drain regions D are then formed in the layer of silicon and carbon 406 
and stressed semiconductor layer 422 in Figure 6, and also in the optional thin semiconductor 
material 414 shown in Figure 7. In these embodiments, the stressed semiconductor layer 422 
preferably comprises a thickness of about 100 A to 5 \im. The stressed semiconductor layer 422 
preferably comprises in one embodiment a second layer of silicon and carbon, comprising a 
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similar material as the layer of silicon and carbon 406. In this embodiment, preferably the 
stressed semiconductor layer 422 comprises a greater thickness than the layer of silicon and 
carbon 406. Preferably, the stressed semiconductor layer 422 comprises a concentration of 
carbon that is less than the concentration of the layer of silicon and carbon 406. For example, the 
stressed semiconductor layer 422 preferably comprises a carbon concentration of about 2-3% or 
less. 

[0042] In another embodiment, the stressed semiconductor layer 422 preferably comprises a 
layer of silicon and germanium or a layer of silicon, carbon, and germanium. Introducing 
germanium in the stressed semiconductor layer 422 is advantageous because the lattice distance 
of the silicon and germanium crystalline structure (or silicon, carbon, and germanium) is 
different than the lattice distance of the layer of silicon and carbon 406, which further increases 
the hole mobility of the transistor 400. In this embodiment, the germanium concentration of the 
stressed semiconductor layer 422 is preferably about 25%, and may alternatively comprise about 
15 to 45%, and the carbon concentration is preferably about 2-3% or less, as examples. 

[0043] Figure 8 shows an embodiment of the present invention, which includes a stressed 
semiconductor layer 522 disposed beneath the layer of silicon and carbon 506 and optional thin 
semiconductor layer 514, formed on a SOI substrate 502. In this embodiment, a thin 
semiconductor material 514, a layer of silicon and carbon 506, and a stressed semiconductor 
layer 522 are formed in the channel region 505 of a transistor 500. The workpiece 502 
comprises an SOI substrate 502 having a silicon region 516, a buried Si02 layer 518, and a thin 
silicon layer 520 formed over the buried Si02 layer 518. Note that in this embodiment, 
preferably, the isolation regions 504 are formed after at least the epitaxial growth of the stressed 
semiconductor layer 522. Although shown in Figure 8, the thin semiconductor material 514 is 
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optional and may not be disposed between the layer of silicon and carbon 506 and the gate 
dielectric 508, (not shown). 

[0044] Note that in each embodiment shown in the figures, a layer of epitaxial Si may be 
disposed between the layer of silicon and carbon 106, 206, 306, 406, 506 and underlying layers 
102, 202, 320, 422, and 522, respectively (not shown). The epitaxial Si layers are thin and 
preferably comprise about 50A or less of material, as an example. The epitaxial thin Si layers 
improve the growth of the subsequently-formed epitaxial layers 106, 206, 306, 406, 506, for 
example. 

[0045] Advantages of embodiments of the invention include providing a transistor 100, 200, 
300, 400, 500 having increased speed and improved electrical characteristics. The transistor 100, 
200, 300, 400, 500 has increased drive current, lower power consumption, and increased hole 
and electron mobility. 

[0046] Although embodiments of the present invention and their advantages have been 
described in detail, it should be understood that various changes, substitutions and alterations can 
be made herein without departing from the spirit and scope of the invention as defined by the 
appended claims. For example, it will be readily understood by those skilled in the art that many 
of the features, functions, processes, and materials described herein may be varied while 
remaining within the scope of the present invention. Moreover, the scope of the present 
application is not intended to be limited to the particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and steps described in the specification. 
As one of ordinary skill in the art will readily appreciate from the disclosure of the present 
invention, processes, machines, manufacture, compositions of matter, means, methods, or steps, 
presently existing or later to be developed, that perform substantially the same function or 
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achieve substantially the same result as the corresponding embodiments described herein may be 
utilized according to the present invention. Accordingly, the appended claims are intended to 
include within their scope such processes, machines, manufacture, compositions of matter, 
means, methods, or steps. 
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